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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize an operation 
with a low voltage in a latch circuit and a flip flop circuit 
of the emitter coupled logic system by connecting 
emitters of transistors TRs, to which a T input signal is 
inputted, and a TR, to which a D input signal is inputted, 
through an emitter feedback resistance for switching. 
SOLUTION: A clock input T and a signal of the inverted 
T are inputted to a fifth TR differential pair 1 5. and a 
data input signal D and a signal being the inverse of D 
are inputted to a first differential pair 11. Emitter 
feedback resistances R15 to R18 for switching of 
differential pairs consisting of three TRs are inserted in 
the unbalanced state in first to fourth differential pairs 
1 1 to 1 4. By this constitution, the number of piled-up 
stages of TRs connected between a power source Vcc 
and a ground potential GND is two stage because of the 
stage of TRs 01 to 01 2 constituting differential pairs 
11 to 14 and the stage of TRs 013 to 016 constituting 
first to fourth contact current sources 11 to 14, and it 
is one stage smaller than conventional. 
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(57) (^^.^1 

uv?:y^ (ECL) :f3^<D9 y^^^isxi/zn^m\^'^ 

^tlSfex ,b mSS ^ oo Pfl tc ^ ^ > y ^ tc-frt^li: ^ 




(2) 



- 6 9 7 5 9 



Vy>iy:!^^t. Z^W, A (D V y > \y 7^ ^ (0=^^ % y 9 

<7) by>iyy^'S't^m^tiZt^f^mt-r^yy^\Bi 

i(7)hy>i>y^9t. Z(Dm I ^ h y > i^:^ 9 ^ y 
iiy-'-^AtiO. D^<-m^i)*-Ati^i^xmm^^zm^ 

hy>\yy^9t. Z(D%A<DVy:y'yy^9(0:x.^y9\z 20 

TMW)6^){C^# ±fsm 2 ^^Xim 3J)hy>i^7 9cotii 

a y^X:hTm^f)'-Ati^ix^m7iD V y > iy y^ 9 t . 
Z(om 1 <n Vy>i>y^9 (D^"^ y ^r^il<7:)ffi^5^:^i^ L 

x^ix^ix't<D^ ^ y ^m^m.^ixk.^w.^-^^xim^ 

V y \^i^y^ -9(O^M%%fy^At^^\xxm.m^'^\zm^'ti\ 
^•^XD, D^<-{I-^^i±S;ti'r^m8*3J:t>'»9<7) h 7> 

'yy^^h. ^ ^ y ^ A-hT ^<-\%^-b-A-h^ix^'m\ 0 30 
<oVy>i>7^9h. Z(Dm\ 0(0 Vy > i/y^ 9 (n:x.^ y 

9 \z^'^(omK^'k\^x^ix^ix^<D:sL ^ y 

n±l2S 9^XrjmB(0 [^y>i^ys $^ (DthMM-^^'^At) 
^ixxmWimzm # ±tdm 8^XX/m9(D h y>^:^y^ ^ 

[»*^3 1 ^ D y ^ Ai^T ^'^-\t^ii^-<''^\ZAti 
^ix^%\<DVyyyy9b. y" - 9 A'hX:^\%^t-^- 
:^\zAti^ixh%^ <D V y > 'J' y 9 b . y-'— 9 AtiDy< 
-iB^'t}*--<-y^^cAt}^ix^m3^hy>'^:^9 ±. -10 

1 oD h ^> v?X ^ :y 5^ i:±iSm 2 . ^ 3 oD h 

y> ':yy. 9 iOul ^ y 9 t^m,^. t ^Tb^^z^ A ^ ixtcm 1 ^ 
y-^m^i^m^tfit. ±td,mi^hy>iyy^9^:^^ y 

t<omznA^ixf;L'^\<D%nMMh. ^^yi^AtfT 

m^ii'^^—ys{zAt}^ix^m4(7:> hy>i>y^9 

tc. ^—y> t{^:^<D::i i7 9 , ^ \^ C7 9 t{'^:fj^^'-^ 

t'^mWi^ixtimS. m6(Dhy>i^y.9 t. iilS^4(75 
hy>i^y^9^:^^y9t±.B^^5, m6(Dhy>i^:^ 
9(D:rL^ y 9t^m.^.t(Dm{cmA^ixfzm2fD:^^. y 9 50 



%2<n^xy9 ^^mK t h t# j^^ma h <o m fc 

^A^ixtrm2o:>'&W{^mt . ±iEM2. m5^Vy> 
\yy9^^\^ 9 9 tJoUm&(0 hy> i>y^9iD^-y t 

*D^msm,^.tm.mt^m^zmA^ixrzm i ^o^^m^ 

Jiiems, m6(D hy >':yy 9iD:=ii^ 9 9 t ±t^m 

{zmA^ixrzm2o-)n^m,Wit^m:tfzzt ^i^mt-r 

[a*Jl4 1 9 o y 9 At}T y<-iM^^-^-:^izAti 
^ix^m I CO h y > i^y9 t . y"- 9 Attom-^r^^^^- , 
y{zAti^iX^m2iD [^y>iyy^9 t. y'-9At}D^< 
-m^'^'^-<-:!^\zAti^ix^m3^\-y>i^^9t. ± 

ttmi^ hy>iyy9cO:^^ y 9 t±t^^2, m 3 co h 
y>iyy ^i7:)rn ^ y 9 W^.'^^ t CO^izW A ^ ixfzm 1 ^ 
y 9mm\&^t. ±t^mi^ hy>i^7 9iD:^^ y 

9 t±t^m liDzi^^y 9mm^mti7:>m^^^^tmmm,{iL 

t^rBi{z^A^ixtzmi(Dmm.i^mt. 9ay9AtiT 

m^-f)'^^-:^izAt)^ix^m4co hy>iyy 9 
{z. ^-y ti\k:^<o=^ i- 9 9 . ^ 9 9 ti\![L:f7(0^'-y^ 
f)>mm^ixrr^5. %%(OVy>'y7.9 ±fEm4<^ 
Vy^^'yy9<h:^-^y 9 t^^m'b. %^(r>Vyyyy 
^: y 9m'^M.h(r>mz^A^iXtz.'m 2 <Dz^ ^y 9 
Wm.^^t. ±ISm4(0 h^>v^x 5^(0:31 ^ 5 >:±SE 
W.2<r>r^^y9 4f illStt b (nmm.^. h itiimte "^rpl 

*f A$n7tm2(D^mi7ttf/^^. -his^2, m5(7:)h^> 

9 <r>^v 9 9 t ±f£S ecDh^Vi^^J? oO-^ — ^ i: 

<D^m^m.^.bmMt<n>f^\znA^ixtLm i <75^^?r«tn: 

i:. ±fEM3. %%o:>Vy>i>^9<r>^\^9 9 h^^m 

\Z^A^iXtz.W,2<0%^^^b. 9 u y 9 Ati-xm^t"^ 
-<-y\zA'h^ix^%l<DVy^y'y:^9h. ^-y^t-1. 
lEm 1 (r>^^^^\zmm.^ixfz,% %<r>Vy>'y7^9 
^-yt-h^%2o:>^^^mz^m,^ixfz%9<D Vy> 
i^:^9t. ±td,m7 <D [^y>iyy9^^ ^ y 9 t ±ttm 
8. m9(Dby>i^:^9(D:^^y9^i^,^.t(Dm\zWA 
^ixrzm3<D:n^ y 9i^m^tflt. ±15^ 7 oO h ^ > >^ 
y9(D:i^^ y 9 t ±mm3<D:m. y 9 mm^^<OWi(^^'^^ 

tt^mm.iiLtiomizmA^ixrzm3iO'^'mm>^t. 9^ 

y 9 A-h-X ^'^-\%%f)-^<-y\ZA'h^ix^m 1 0 (D h =7 

>yy9>i^ Siwc, y t{'^'}5^)^ ^ 9 ^ =1 u ^ 
9 t{^^o:>-<-ym^'^^^ixtzm\ \ . mi2iOhy> 
9 t . ±IGI^ 1 0 h 7 > v^:^ ^ t^:)^ ^ v 5^ > ±15 
^11. M 1 2(7) h^>v^^^i03i^ ^'IS^^^^.^cT^PbI 
{c}f A^:jxfc^4 (7:>ni ^ y :?'^il}g|vti:, ±15^10(7) 
h ^ > C/;^ 5?(7):ii ^ 5^ i: ±15^4 (7):^ ^ y 9mm^m 

iommM. t tMrnmiiL t^r^iz^A^ixrc^4 iDmm.m.m 

±iE^8, mi liDby>i^y^9iD=iu 9 9 i:±IE 




3 

mi l^hy>i^:^^^^'-^tf^^^iSi^f^J^^tMUt 

^mi<r>Vy>^Jy^^<D:s^x y ^ t±.t^m2. S3<7)h 

y:^iyp^9(D:^^ y 9 mWiM. t ixtzW, 1 ^ 

y ^mWi^^t. l.^mi<0 [^y>'Jy^9<D:^i. y 

^ t±.^m 1 CO y'^mm\&.^t<Dmm^^t^^n.{tL 
t(om:LnK^iitz.mi(r>'^m.m.mb. ^^ypAtir 

timf^^ntims. me<ovy>^^y^^ ±.ttm^<o 

mmmWit. ±td,m4<Dby>iyy^^^:^^y^t±m 

nx^ixtzm2<D'^m.nmt. ±fsm2. m5c7)h^> 

v>;^ 5^co=i ^ ^ ±fE^ 6 (7) h ^ > iyy^ 9^^—y^ t 

fdiii^ t« ^^^i^. J: i: O Pal tc ^ A $ n m 1 O u 
[If 5^^316 ] ^ o :y A;^T^<-ft^;!|5-<-;^(:iA;^ 

^ix^mi<^\^y>i^y^^ ^ xiiDm^f)-^- 

:^tc:A;'D$ne^2(0 h7>v^^^ 7^'-5'A:^D^< 
-^l■^^5^-;^{cA;^$;^^5^3(7:> ± 
^mi(DVy>i>:^^(D=^%y'^ t±.t^m2. m3(7)h 
7>i^^-^c7)3i^ :x i'^^«,fei:(7)ra{ct¥A$nyJ:M 1 
ISffitni:. ±fES 1 </) h 7 > v?^ t^:^ ^ 

iroofpltcif A$4^fcm l<75S®«£^^.i:. ^ ti y ^ Kf)T 

-:^m^m:^ivtim5 . mej)\>y>i^:^^ ±td.m 

4(D [^y>i^;^ ^ (D:^l y ^ t ±mm5 , ^ 6 (D b y > 
9(0:xL^yy mm.'^. <b <7:>ratCjf A $ nfc^ 2 ^ 
y^mmmmt. ±i^m4(D[^y>':y:^^iD:^^y^t 

±fs^ 2 ^ y ^^i^mm.^tiDwm.'^^tm^miLt^ 
rB^^zwx^ixrzm2J)mmr&nt. ±12^2, ^51?:)^ 

y>i^Ps$'iD=ii^^ ^^±fE^6c7D h ^> v^;^3'tO•^- 




(3) - 6 9 7 5 9 

4 

^ ix ^'ixa)(&f^(Dm^.'^^ t mt^ t(r)m:inx^iifzmi 
\zXti:^ixhmi(OVy>^J':^^t. -i-^^*±iEmi 

(D'^^m.m^mw^^ixtzms^hy^'jy^^ t. 

i)>^te,m2<D^m^m:i\n^^ixtzm^^ hy>iy^^ 
t. ±iE^ 7 (7!) h ^ > 5^00 01 ^: .y .5^ ±fE^ 8 . m 

9^ h y>i^y^$f^=^ X y s^t^m.'^^t^m^zmx^ixrz 

JO m3(ri:^ I y ^mmWi^t. ±t^m7 iD hy>':yy^ 

y ^ t ±.t^m3^=^^ y ^mmt&Wii^mm^.^^tmm 
m.iiLt^r^ic^x^ixrzms^'^n.r&mt . ^^y^x 

t]T ^<-iM^f)'--<- y^iCKt) ^ix^m I C^<r>Vy>'yy^ 

•)=j<r>^-y^m^^^ixfz% 1 1 . ^ 1 2 c7) h ^ > C/^ 5? 

^^miO<DVy>'y-?^^o:>:^-^y 9 hJc^mi 
1, mi 2<r>Vy^^'y7.9 (r>:sL^^^j ^\^^^^t<nf^\z^ 

7K^iXtzm4(n:=^^^y ifS^lOtOh^ 
>'yy^9 (D:^-^ y 9 b ±iS^ 4 (7:)^ ^ y 5^ ilSlvtoOt^ 

±15118. mi i<^vy>i>y^-^ <^^^ ^ 9 b^c'^mi 
Qm^%:tht}-r^tzi^(Dm3^n^^^t . .lis 

^9. ^12(7:)h^> i^y^ 9<D^\^ ^ 9 b ±15^ 1 1 <0 

V y i/ 7. 9 <D-<- 7^ b(n^m\%^MAz—^fy^\im.^ 

ix. Qi^<-m^^\^f)-^^fz^<r>mA<D^mwaib. ± 

ISM 3, m4(^:ft^^lSiu(7:)^:ix^'nc>te3SS<7:)f#iJ^.^.i:m 
I 0 0 0 1 1 

Z,ix^^\i^tzy y-ry^ y-f^m^Wi\^. ^6(3(1:31 
^ y 9 ' y:^ >\^Y ' y 9 ( E c D :^xtoD ^ :y ^ 
^'^^l.Xlz.ix^Wi^^^fzy ^) y:fy^ yrf'ia\% (FF) 

[0 0 0 2 ] 

[f2§5^(7)S{i^] [gl 3(lf$3^c7)3i ^ y • y^/W K ■ ^ 
'yy9 (ECL) ^^<ny yy^y X2 y^^^ (FF) 
40 tT^dJgSHlT'fceo mt-iSV^T. Q 1 -Q 1 2 h ^ > 
^ 5^. R 1 4 fl^l^^&tn. R 5 jb^ J:0*R 6 tlS:^'^ 

1. Q 2 J: "9 /^^MS)^. 2ii h^>':/^:5'Q3, Q4 
ct /^^SKj^J-. 3(1 K^>>^;^^Q 5. Q 8 it) 
Mife^t. 4 (1 h ^ > >?;^ 5^ Q 6 , Q 7 <:) 

5(lh^>-:/;=^^Q9. Q 1 2 i «y 6lih 
y >':^7.^Q\0, Q 1 1 ct t) ^^^e^ift^tx-iboo I 

1. 1 2(i^m-iTS«/iT-^t). -^mmmi inhy>i^7. 

^ Q 1 3 ir sin R 5 J: t) . ^mH&M I 2 (1 h ^ > 
>^ Q 1 4 t SKR 6 J: D 
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[0 0 0 31 Zioy V >yy ^ yy^^^t^i^Mn^^cc 

^/c:. 1^ a y ^ XMb^T, T y<-f}m 1 io XX/m 

Q^<-ti{£^nR 3 . R 4 J: 15 ?X t» aS^n^o 
[0 0 0 4] iJ:JC»f^lCOV^-CtJ£0^i-Oo mi. ^2.7) 

-^D, D/<-<7)|lt4t^ J: y ''^> ^Kf'^i-^o ^4 
(O^tb^f 4 *i:^it«inR 1 . R 2 {cai:^$:ix/c4^cS8^(^ 
J: 9tc«<o S5(0^i!j*t 5tiftl^1&«7iR 1 . R 

<l^l^ffil7iR3. R4(cai;^$n?t4iC®^f^tfi-^J: 

[0 0 0 51 ^4<7)^lb*f4^0f1(C^^i:. 

1 ft^^igfeiR 2(cn-^5£jB:^^nfc:t^flir-m4 

>^-^Q 7 ;5S:d->-t-'5o T h ^ > ^ Q 7 

:^1^«lrCR 2 {Cn-^^m^bn. igtdAl^^SmR 1 

[0 0 0 61 mcT Kidkzm^t^^Kii ^ivtz.m'^(Dmv^ 

1, m2or)^ib^i, 200 h^>':;^><^j5^Q 1 , Q3;6'^:r 
m3ioJ:t>*^6(?5^Sl*t3, 6 J^^tbf^-t-So m3 
tOM«3*j'3 7!>^»{ti-^ wirtCct 19. D, ^^^^-(DKiim 
-^tcc£;i:fc:ai;^;5»^^lWSlviR 1 . R2{cm:ixoo i-^^b 

^R 2 oot±i;^(i^>^ (c/^^, 

[ 0 0 0 7 ] *^^S^R 1 . R 2ai;^c±m5t7:)^t^^5 
ii^; ^^i^tgfeiR 3 . R4ootib:;b> -tf^io-fbQ. Q-'^-ffi 

[0 0 0 8 1 *(CTA;^?(Ccr-^i^^D$ixfc^'&. ^ 

1. m2(7D^ib*tl. 2cOh^>v^;^5^Q2. QAt-ir 
m4:feJ:t/m5(DM»]t^4 , 5 Ti'^Kjf^-T^o ^4 

(om.mnAfimvf'r^ztkzx^). :^wffi<7LRi, r2 
'kmm.^'R2mti\^^^^i)mn^i\^. z<Dt^. da 

[0 0 0 9] m5<0^i5*t5;!i5»]f^-t^ - irt^J: 

19, :&^«fetR 1 , R 2tDai;^;&^Q. Q^<-\!£^ti\c^^ 
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2tti^;5'*^^^*^^cJ^)Q 9;&^:^7. Q1275»:^>L. Q£iS 
[0010] UA±</^ J: 9 {-^ ^ y • :^ K • n 

*;/^;&^^ y y D ^^[Eiss (ecl;^^ff) i^. 
TA:^;&wN.<(0^ # DA;^tOr^-5'^S!;V>i^. TA:^ 

;^i'rc) J: '3 lift • u K • /u-^ (PL 

L) <7)5>i^§ii: LTfflV^JbixTV^Oo 
[001 1 1 

yfif [^0>q*5/e*U J: o ir-t-^^Sl t*.^<^:^ ^ ^ ' i3 y 
zftV' K • n y p yj^y y n y yiusg (E c l:^ 
^FF) *li^±<D J: 9 {ctl|^$;lxT:fD t) , 18^^ tfit^S) 

[0 0 121 ZiX^Mrm'O^C.^^ t. m:ti^m3if)itE^ 
mx^n. V y > 9 <ry^—7. ' :x.i y ralHli Vbe = 
0.7V. h^>v^^5'tO=iU;i^^- 
0.2 V. ^ma^ffltT^t&^viR 5 . R 6 r-(7D^fiEP^T^ 

0. 2 v^ L/c:<^ ^{c. Mii&'^^mt^ii^m.n'miEit. 

20 0.7x3 + 0. 2x24-0. 2 = 2. 7Vi:/^^o 

[0 0 131 z<?5|§0>^<i±i5t;oj: 9>^^Pp1l^.^.^»i'^i-^ 

^ j^' • :^ ^r/u K • y ^ :)^^<Dy ^ 0 5^ J: 

zi\^m\^^tzy \) y^y^ y^^^ (ec l:^^ff) 

[00141 

30 xv^zix^m\^^fzy y-:^y ^ yy'\B\^ (ECL;^xtF 
f) 'mnto]<^uw\\zmm.^ix^ hy>'-yy^9^n 

[0 0 151 CcD^PfltOH 1 cr)^0^tc?!)^;!i^e^ ^mSS 

(1. ^ D :y A:^T — (I-^;^!^ A:^ $:^x^m 1 H ^ > 
C/>^5^Q1^. Z^Wi \ <^ V y > \yy^ ^ Q I <D=^ ^ y ^ 

;3x^'nD^<~-. Dfl-^^tb:/^-r5m2 joJ:t>*m3oO 
>v^;^ 5'Q2. Q3>. ^ ti y^ KilTiB^fi^All^ix 
40 ^%A(OVy>\^y^9 QAb. z.o:>%A(r>Vy>i>>^9 

y 9m^'m,^ix^^%3^Xny^2<DVyyy:^9 Q. 
3, Q 2(Da3:^^t-^/?>^A;^^ixTMft6^(ciij#±fStB:^ 
fI"^*f^j^i--5m5i8<fct/S6<7:^ h^>v^^^Q5. Q 

[00161 micn^m^^t-^t-^y ^ y^y v yy^iE}^ 
^ a y ^ At}T ^<—iB^^f)''^.tJ^ix^m hy> 

i^:^$'Qlt. ZiD^ 1 <D b y > i^:^ Q I fD=^ t y 

50 v-'-^^AtiD, D^<-m^-f)'^At^^ixxmm^^i^m^'t 




>i^y^$'Q2. Q3t. ^ V3 y ^ KtiTm^ff'-Ati^iX 

Q 4 iD:^ ^ y ^ \z^'^<nmK^'k \^X^ix^ix't<r>^ ^ 
y ^ ^n±fem 3 *3 J: th'S 2 h 7 > v^;^ Q 
3. Q 2(^5aj:^ff ^*5A;^^Jx-C^Ki6^lcfift#±f5S2 
i5<tU^^3cOh7>v^^:5'Q2. Q 3(;:)m:^ft-^5rf^» 

^*!:'!t\.X^ix^ix^<0^ x y 9 KAim.^ ix >L.^m 5 
J:t>'^6 h7>v^;^5^Q5. Q 6 <;:)t{:iy:jfs-^7i^A;^ 

*3j:tJ«^9<0 h^Vi^^^Q 8. Q9i:. ^ ^ y ^ Xil 

t. :L<omi 0(D Vyi^iy:^ 9 Q I 000:^^ y 9 kz^m 
(D^^^i\'\^X'tix^*ix^<0:^^ y 9mim,^ix±U% 

h 7 > v^^j5?Q 1 1 , Q 1 2 > ^MxL?t l>c7)r'fo^o 
[0 0 17] m3^mmi,Cf)^:fi^^9 y^[B]^n. 9 P y 
i9 KtjT ^< — m^^^^^—:^{^Xt}^ix^m 1 co h "7 > 
y^9Qlt. "f— 9 At)Dm-^f)'^^—:^{CAt}^ix^m 
2<Dhy>i^:!^9 Q2 ^- 5^ A:^ D >'<-ft#^^-<— 
:^\^Xti^ix^m3(OVy>i>:^9Q3t. ±12^ 1 
h 7 > v^;^ 5^ Q 1 (7:)3i ^ :y ±iEM 2 , H 3 oO h ^ > 
\y:^9Q 2. Q 3(7:):ii^: :y i^tg^,*^.^ cor^^lClf A$;jxfc 
m\<D:r,xy 9^^^^^^! ^ t. ±15^ 1 h ^ > 
;^ i'Q 1 (7)3:^ :y i^ ±IE^ 1 (0:11^ y ^^fiUStviR 1 

<7:>Sm«t^ I 1 <i:. D :y ^ A;^Tm-^*5-<-;^fcA;^i 

5, mecohy>iyy^9QS. Q^t. 4 (O V y 

>\yy^9 QA<D:^% y 9 tl-^ds^^b . m 6 (D h y > y^ 
9Q5, Q6iD:^^ y 9mmM.t(Dr^'i{:iWX^ixtzm2 
iD:JLz. y9mmW:^Kl 6 t. 1,^% A CO V y > 'J y^ 9 
Q 4 <0^ ^ y 9 i: JifS^2 (71)3^ ^ y 9 miWi&WiR 1 6 t 
<r>mmM. i: ^JifeSti G N D ^ cO Fp^ (Clf A $ ?t m 2 (?D ^ 
mMm I 2t. ±12^2. m5(?:)h^>>?>^.j5'Q2. Q 
5 (75=3 i: ±fe^ 6 (T:) h ^ > v^^'^ 5^ Q 6 oO--^— ^ 

<75*3ig^ji?S,^.i:m»iVcc^^rat-»A$nfcm i 
StaR 1 1 i:> ±fE^3, »6(7:)h7>v?;^:5'Q3. Q 
e<D^\^9 9 i:±fS^ 5(7)h7>>^:^:57Q5 ;^ t 

<D^mm^^.^^tm.nvQctcnm\c^K^ixtL^2<Dnm 

[00181 ll4«7)^e>q(C;^^?i>^e7n .y y:7 U yy\B\^ 

il/ ^ D y ^ A;^T/<-m-^^>-i-;^;c A;^$a6^ i 
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ti^ix^m2(Ohy>i^:^9Q2. "f- 9 XiiD ^<-is 
^fA^'-y^^zXt)^iX^m3^hy>i^y^9Q3t. ± 
12^ 1 CO h ^ > v/;^ 1 ^ 5^ >: ±I5M 2 , ^3 
iDhy>i^y^9Q2. Q3(D:j^I y 9t^m.^^t(Dmi:i^ 
A^ixtim 1 tOm ^ ^'iSiSlSfeiR 15^. ±12^ 1 
h7>>?^^Q 1 <7)Ji^ i:±iE^ 1 <7):i^^ •y>'«S 
ffi^/CR 1 5 ^<7)tg|^,^,^t#ifemaGND<h(7DFp^(c|^A$ 
ixtcm I ^"^M^^ I It. 9 ^ y9 XtiT\t^f)'-^ — 
y^\zKti:^ix^m4(DVy>i^y^9Q4 SiMc. 
10 -y^tm:^^=^ ^ 9 9 . =^ 9 9 t^:^iD^'-y<t>AMf^ 
^ixtzms, meo:>by>i^y9Qb. Q6>. ±fem 

4 CO h 7 > C/;^ ^ Q 4 ^ y ti: ±iES 5 . ^ 6 h 
y>iyy^9QS, Q 6 O):^ y 9 t^tf^.^. t ^f^^^^ A^ 
ixtim2<D:J^^ y.9i^mm,^R 1 e t. ±t^m 4 i7) h y 

>i^y^ 9 Q4 00:31 y 9 t ±12^ 2 <0:x, ^ y 9 Wi^^^ 

R 1 6 t<D\im..^.tm^n.{tLc^D t^mkz^K^ixfz 
m 2 iD-^mnm i 2 ±ism 2 , m 5 1?^ h ^ > v^>^ ^ 

Q2. Q 5 t?:) U ^ 5^ > ±12^ 6 c7) h ^ > J57 Q 6 oO 

20 Ai^l&taR 1 1 i:. ±fE^ 3 . m ^ (r> V y > 'J y 9 Qi 
3, Q 6 <7:)=i u ^7 > ±fe^ 5 h 7 > v^:^ ^ Q 5 

u (7:)#tiitg^.§. >m^ir t7:)rBl(c|f A^^x/cM 2 (7):ft 
l^f^g^viR 1 2 i:. ^ o :y :5^ A;bTft-^;!>i-<~-^(cA;^$ 
noM7oo h^>':/^5'Q7 -<->^;)'-±fem 1 (7)* 
^^ffifeiR 1 1 fCtgi^^n/::^8(7:> ^v?;^ .^'R 8 Jr. 
^'-yff^}i^%2(D^m^^R 1 2{cigM^ix/c^ 9 c7) 
h ^ >i/;=^ Q 9 ^ . ±15^ 7 h ^ > v^;^ 7 (7)31 
%y 9 . m9iD\^y>i^y^9QS. Q9(7)3i 

^ '^jS'g^^t.ftirOFB^lcjf A$n^m3<7)3i^ y9i^m& 

30 \ 7 t. l^t^mi iD hy>i^y^9Q 7o03:5: y9t 

±t^m3<D=i^^y9i^mi&iiiRl 7 (DtSmM. t^mMitL 

GNDt(DmiznA^ixtc^3(D^mm.mi 3 1. 9u 

y 9 AiiT ^<-\%%t^^-y^\ZAti^ixhW, \^<OVy 
^^i>y9Q\0t. ^—yt{'^'yi<^^'^ 9 9 . 

9 9 t[^^^^-y^tA^'^^ixfz.W.\ 1, ^1 2oO 
Vy>i^y^9Q\\. Q12i:. 1 0 <7) h ^ > 

^^'Q 1 0<7)3i^ i:±i5^ 1 1 , m\2<r>Vy^^'J 
x^Qll, Q 1 2 00 31 ^ :y 3^g^^,^, (DPeltci^fA^iiL 

^^4 c;0 3i ^: :y 37^§il^gfiftR 1 8 ±fe^i0(7:)h7 

40 >i^y^9Ql 0(7)31^ ';/^^±f2m4<7)3i^ yi'^fillg 
iviR 1 8iOm^,^. ^t^ttlimfiGND irtT^raHctf A^n /;: 
|^4<7:)Smi^^ I 4 >> ±fEM8. ^1 1 (71) 
^^QS, Q 1 1 (7:)=3 u i: ±12^ 1 2 (T:) h 7 > 5^ 

Qi 2(D^''y.t(D^miMf^.^^tmmt<^N\izWK^ix 

QiB^^3it}-r^fzib(Dm3(7:>n^m:^R I 3 t . ±12 
^9. mi2<Dhy>i^y9Q9, Q\2iD^\^9 9t 

±12^1 \ o:>\^y>i>y9Q \ \<o^-yt^^mmm, 

.^.tmnto:>?^^zi^A^ixQ^<-m^^^ii^^tLhbiD 

W,4<D^^^^R 1 4 t^m^tzh^X^^. 
50 [0 0 \ 9\ mb<D^m\^t^t^^y yf-^^it.. 9uy 




(6) 

:^(CA:^$i^'5^3<0 h7>>^;^3'Q 3 ±t^m \ ^ 
Q4<03i^ y t±Um2(D=i^^ y $^i§mi&WlR 1 6 ^ 

(Dmmj^. ti^mmiiLGi^D t(Dm{znA^ixrzm2iD'^ 
mf&mi 2t. ±mm2, m^<r:>vy>'j:^^Q2. q 

(D^i^m^m.^Ac-mtmrn^ixtzmKo^^^^Ri i 

±IS^3. ^6i7:)h^>v^;^5'Q3. Q6(7:)^u^ 
i: ±fsm ^(D Vy > C^;^ 5^ Q 5 (TD-^- ^ oo^iit^l^ 
,^.{c-C75i'4Sjis^$ix/hm2(7:)^i^^£mR 1 2t. 
1 . S2(75AlW«lnR 1 1 , R 1 2(7:)fdlJ^^ ©flit <0 Pel 
(C^iitC^f A$;jlfcS 1 (OX^^ix^i^y h^SinR 2 6 t 

[0 0 2 0] me<omm{z.t^t^^y y-yy^ y^lelSg 
P n A;^T^<-^t-^;55^-:^tcA;'3$;i^6S 1 

:^$n'6^2<D h^>v^>^-^Q 2 t. T^-3'A:^D^^- 
fI-^;65-<-;^(CA>3$no^3oO VyV'yy^^QZb. 
±SES l<7)h7>>^;^>'Ql <0:^ ^ t ±fEB 2 . « 
3(7)[>^>v^;^5'Q2, QlZ<0:^^y 9\^m.M.b<r>f^\Z 
nK^ixtz.m\<0:^^ y9Wm,^^R 1 5 t . ±15^ 1 

(r>vy > v^;^ ^ Q i (^D^i ^: y t ±fss i <t>^ %y 
iS«MR 1 5 i:<7)g^igS.^,t1tJfemfiGND tcOP^lCjf A 

^i\fz^\<D'^m,mM\ \ ^ ^ y ^ Kt^T ^<-{b% 
tr^^—y^\zKti^Xxh%A<r>Vy^^'^y^9QAb. 511/^ 

±iE^4(7) h7>^^;^^Q4oO^^ :y3'i:±iS^5. ^ 
6or)h^>i^;^i'Q5, Q 6 cD:ii ^ .y 5? <i: <7:)rBlfC 

mV^^iXf:L%2<r>:^^ y^m^^^^R 1 6 i: . ±15^4 
h ^ > V'y^ ^ QA <0:x. y y t ±15^ 2 (7):x ^ .y 

ilffilnR 1 6 t<nmm..^^t\^mm.{tLG]<iD to:^mz^K 
^i\tz^2<D'^n.WLU\ 2 t. ±15^2. m5iOh^> 
v?>^^Q2, Q5(7?3 ^ t±fEm6c7? h^>v^^^ 

Q 6 oo-<-;^i:c7:)^iiti§^.^.^;:-i^;i^$|^^n/cm i 
:^?^StaR 1 1 i:. ±12^3. m ^ <r) \^ y > i^y^ ^ Q 50 
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3. Q 6 t7)=i U ^ 5^ i; ±f5M 5 h 7 > C/::^ Q 5 

R 1 2 .i:. ±IEM 1 . m2<D'^mm.^R 11, R 1 2 cO 

^i\^%l<nVy>i>y^^ Ql -<-^h-k.tdM\<r> 
ft?^}gl7LR 1 1 \Z\%m.^iXtLm^<D Vy^y'Jy^9 
t. ^-'7^t-lL^%2<D'^^m,^R\ 2\Z\^m.^iXfz.m 
%(r>Vy>i/7.9Q^b. ^ttmKnVy^'J^y^^Ql 
<D:^t.y 9 b^ttrnz. % ^ (D V y V -y y^ 9 QiZ . Q9 
^ y 9W^^^bO:>f^\zn7^^\xfz.% 3 cO:3i ^ y 9% 
il^g;iv^R 1 7 ±iem 7 <75 Vy^y'yy^^ y 
9 h^^%'^<D^^ y 9WmmKR 1 7 (T^^iJ^.^. Jtil 
nAtLQ'^X^bo:>mz.^7^^ixfz%Z(0%'m:^n\ 3 . 

D :y A;^)T>'<-ft^7!i'^-<— ^{cA;^$:ixoll 1 0 tO 
h^>>^;^:$'Q10t. Sl/^d. -<—y^ b {^^<D ^l^ 9 
9. 9 9 h{^'>3(n-<-yst-^m,^ixtz,%\ \ . %\ 
2<OVy:^yy^9Q\\. Q12i:. ±15^ \0(OVy 
yyy^ 9 Qi\ y 9 b \ . m\2(r:>Vy 

>yy^9Qll, Q 1 200:31 ^ y ;5^Ss^,^,tcOPBl(C}f A 
:^ixrzm4(D:^^ y 9mmi&:ifiRl 8 ±td.m I 0 iD 
Vyy Q 1 0 (D:^ ^ y9 h ±fS^ 4 (O^^ y 9 m 

mm^R 1 s<7:)t^m..^.tmmmitLt^miiZ^A^ixtcm 

4 ^-^mWf^ I 4 > . ±iEM 8. mi 1 ir> b y>t^y^ 9 
Q8. Q 1 n;:)=i U ^7 t ±fE^ 1 2 tO h ^ > v?^ 5^ Q 
1 2a:i-<-y^ t^^^lBt^'^.^Az-mAWi^^ix. Qft^ 
^ti:l;^-r5/'^*6<7:)S3(;:)*1^Sl7LR 1 3 t . ±IES9. 
mi2<Dhy>iyy^9Q9, Q 1 2 (TD =3 U- ^ t ±15^ 
1 1 (D h^^c/^i'Q 1 1 (D^— ys t (D^mtM'^J^Jz— 

t^f)'^mm:^ix. Qy<-m^-^ti:^t}'r^rzi^iDm4 co^^ 

ffi}nR14t. ±15^3, ^4cO:&i^l&4nR 1 3, Rl 
4 <D ftfeS mfli 1 1?^ Pfl * a A $ n m 2 (D L. /U 

v':7 b-mm^R 2 7 t ^m^tziyir>x-h^o 

[0 0 2 1 ] 

Q 1 1 snm i^^i^L^i9h7>':/;^^. Rii 

-R 2 5 (HSInr-ib^j . t&lnR 1 1 - R 1 4 itn^tS: 
IStnR 1 5 - R 1 Sit^ H y 9mmt&Wi. R2 3^ 

xrjR 2 4 n^^m.m.T^^. ii, 12. 13. 14 
^xi/i Sit by>yy^9mmn. i 1 - i snmmi^ 

(0 0 2 2] ^ 1 (O by>i^y^9mmn I in. mi 
l.m 3iD hy>yy^ 9Q l-^Q 3ioXX/W:^R I 5 J: 
. mi by>yy^9Ql (O:^ ^ y 9i)'-^m<om 1 
t?:):^! ^ y 9WM\^iKR 1 5 ^ ^^ L T ^ 2 J: t/^ 3 h y 
>i^y9Q2. Q3iD=^^ y9^Z\0^^ixX\^^^^ t^n 
-Tixit. m 1 ^ y 9mjS^^R 1 5 (1. B 1 h ^ > 
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v^y^j'Q ltD:y^t y ^ tm2^J:XJ^m3 h y > ^ 9 Q 

[00231 ^2(Dh^> v^;^ ^ ^»J*f 1 2 (1. m4^j: 
^^LS6 h7>v^^i'Q4'-Q6i=Sj:r/ffilnR 1 6 J; t) 
>i t) . m 3 h 7 > Q 3 ^: j^i^iicD^ 2 (7> 

>y jJ'WiSl&lnR 1 6^i\'LXm4isXt/m5 hy> JO 

nif. m2t0^^ :y v?<fill£inR 1 6fi. h7> :/ 

Q 5 oo^— :^ i: Q 6 (75=1 u--^ ^ . Q5ir)=ii<^$'tQ6 

Q4(0-<—y^it. mi 8 h^^v^^^^'Ql 817)31^^ -J' 

[0 0 2 4 ] m3<7:) h ^ > v^^ 1 3 M 7 20 

/^t). ^7 f>^>>^:^3?Q 7(7:»:n^ :y j57;^^^iioOM 3 <7D 
y ^WM^^K 1 7 ^^Lr^8^5j:0^m9 

m3toj^^ y ^mm^^-R i7it.m7by>i^ 

8, Qi9(nzt.xy 9\^m^^h(Of^\:iWK^ixX\^'^^. m 

7 \-y>i^y 9 Q7 (D^—y^a^ ^1 8 h^^C^^^Q 
1 8(7)=i ^^57•i?^cSE^*$:^^TV^eo ^^c. mSiDhy> 

m. -tf^iDh. m2 by>i^y$'Q2^Xrjm5 hy> 

i^y 9 Q b (D:=i \^ 9 tm \ 1 1 t<Dmm.M. 

-yf,'tm2<D^^^^-R\ 2iD\i^f3m^m. -rt^t>^m 
p 9 ty^2^^^mK 1 2 t<Dmm,MAc^^m:^ixx\^^ 

[0025] M4t7:>h^> v^:^ ^Mib^ 1 4 \%m 1 0 4^ 
i/^LMl 2 by>i^y^Ql 0-Ql 2 J: t>'t&jn R 1 

8 J; 19 . H 1 0 h 7 > v^:?^ ^ Q 1 0 ^ y f)^-^ 40 

ii(om4 (Dn: ^ y 9%w^^R 1 s^/rurmi I^SJ: 

t>'m 1 2 h ^> ^ Q 1 1 , Q 1 2 tO^i ^ :y-5? fct^^ 

^nri^^o i^m-t-nii\ ^4 (t:)::^^ ^ :y stilts taR l 

i:a^^ 1 2 h ^ > ^^Q 1 1 . QlX 2(D:^x y 9\^m. 

^.b<of^\zn?K^ixx\.'^h. t.rc. mi nsxtimi 2 

h y > \yy ^ Q i i , Q l 2 fi. ^^/^(cQ i i (D^—y 
tQ\ 2(r>'=i\^ P 9 . Q\ \ <r>^ \^ P 9 tQ \ 2<D^'- 
:^ttmm.^i\X\^^^. ^fz. m \ 0 hy>iyy9 Q\ 
0<O-<— y^Ji. mi 7 V-y >i^y 9Ql7<D^l'i^9{C 50 
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[0026] mbiDVy> y 9 mWi"^ 1 5 (t. m 1 7 
TSXXJ^m lBVy>'y:^9Ql7. Q 1 8 J: . ti 

Sfc^i 5: y 9i)'^\^m.^i\X\^^^. 

[0 0 2 7 ] ^mffiJi I l«ih7>v^;^^Ql 3 <Dfeta 

R 1 9 J: frj . S 1 tTD h 7^ >\yy 9 Ql (D=c. y 9 t 

mi^:^^ y9W^m.^K I 5 t(Dmm.M.tm^m{tLG 

l^D t<Dm{znK^iXX\^^^o '^n.^Ml 2<lh7>v^ 
y9Ql 4 ^}gtnR2 0 J: <9 . m4<OVy>'yy9 
Q 4 oO:i^ 5^ >m 2 ^ y 9 m^^^K I 6 > tOtS 

[0 0 2 8 1 '^m.m.U I 3li h^>C/;^3^Q 1 5 tt^m. 
R2lJ:i9/^'9. ^7t7:)h7>v^:^>'Q7 (D^i^ 5^ ^ 
ms<^:^ ^ y ^m^^^^R 1 7 iroolt^^,^. irtgitmfiG 
ND ^oOfa^tCif A^nXl/^Oo I 4 (1 h ^ > 

;^ Q 1 6 cOl&j/L R22i:t)/^tl. ^iOcoh^>':/;^ 
^^Q 1 OtDni^ y 9 tm4<0:^% y 9 1 8 ^ 

[0 0 2 9] ^m*fl^t?l I 5{^hy>i>y9Ql 9 ir^S^a 
R 2 5 i: . Ml 7 io J: t/S iScOh^Vv^^^^'Q 

17. Q 1 8(7)31 5: :x 5'g^^,^.<i:ltifemfiGND ^(T^PbT 

[0 0 3 0 1 mi i7:)mi^tStnR 1 1 (i. B2, mScTD h 
y>i^y 9 Q2 . Q5(D^i^9 9tme(Dhy>iyy9 

Q 6 >^ ^ ^m^^vcc-t loreltctfA^ 

n-Ti^Oo m 2 (;:)*?^tg|TLR 1 2(1. ms. meooh^ 

[ 0 0 3 1 1 m 3 (7:)A^^si7lr 1 3 it. m8^xx/m 1 

l(;)h^>i/;=^5'Q8. QlliD=i\^9 9tmi2(D\- 

y>i^y9Qi 2<D^-y t(D^mMf^.^^tW.nvcct 
(DPaifcif A^nri^^, m4<De^^sivi[R 1 4(i. m9 

^Xrjm 1 2(D h y > iJ^y 9 Q 9 , Ql2(0:=il^9 9t 
mi l(DVy>iyy9Ql I <D^— y t <D^^^^^m.,^^t 
MM^cct<r>f^\z^K^i\X\f''^o 
[0 0 3 2] Vccnmu. v^n'&M.'f^^<^ r yKti. 

GNDI-it^i&mfu^T^-^o ^LX. Z(Oy'Jyy'y^y 

r (Hi 8g±tt:iimiJim/£Vcc'^: iiiimfi g n d ^ r^i x iij 

'y^A;^)fi-^. D. D ^< — ity — 9 Xfjin-^. Q, 

[0 0 3 3 1 i9 y 9 XtiT. T^<-ft#(i. S 1 

ii3l^tl 5{Z. i-/^i9-^T(t-^75i5m 1 7 h^>v^;^j?Ql 
7 co-<-;^(cA:^ T^<-iB^f)^^mi S hy>iyy 
9Q I SCO^—y\zAt}^ix^o Z<Dmi7Vy>iyy 
9QI 7 (O^Mb^T ^<-^tm\^^Wl'^l l<r>mi h 

y>i>y 9 Ql<D^—y\ZXti^ix^^ ^tz. "r— 9 \ 
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[00341 mi 8 h7>v^;^^Ql 8<Dthtim^'T 

if-^dSS3(OSft5t 1 3(C. •t-/^iP*>©l^tS}5tR 1 1 

-;^{cA;^^n. n^i^^Ri 2(cmn5ft-^ (Dft 

ij. mi 7 Vy>^J:^^ I 7 iD^Mt^rT ^<-{^. ^4 
4<0^1 0 hy>i^:^^Ql 0<O^—:^{z?< 

[0 0 3 5] 'M^^m.R 13, R 1 4 iDm^^it-^^K 

^/^^ip-ibft^^S^viR 1 3(Omnoft-^ (Dfl-^) ^'^tij;^ 
Qtc. n^t&WiRl 4{zm.iv^iB^- (D^<-m-§-) ^^tti 

[0 0 3 61 mzmmc^\f^xtm-r^. rxtuzy-^ 
fi'-xti^ixtLm-^. ^ sooMijjictt 1 bo^mi 7 h^>v^ 

;^ ^ Q 1 7 fi*^^>\ mi 8 Vy> ^ Q 1 8 7!i5:r:7 
L> .«fitR 2 3m;'3;!i^t3-, R 2 4£±J:^)?!)5^^'1' 
[0 0 3 7] t$oT. ^ 1 (O^SjI^ 1 1 fim 1 h 7 > 

JX^Q 1 oo-c— (Ofci^. ^2, ^3 
v^;^-^Q2, Q 3?!)^ftlfti-^o -r/^:b^. DA:^^|jt^ 

iiA/X-Rii. R 1 2<;5:^i^{cm:/3-reo 

^2 h^>v^^>'Q2<0-<-::^{CDm-^?!i5A:^$ 
ii^ m3 hy>i>:^^Q3(D-<—:^\cv^<—\t^'i)*^Xti 30 

[0 0 3 8] m 2 tD^S)*f 1 2 lim 4 h ^ > v^;^ J^' Q 4 

(7)^— (vcc) 7!)^fn*D^n^o — ^ 

5. ^6 h^V v^^ jJ'QS, Q 6 tD-^— ;=^miE(^^^'< ^ 
-<;ut>Vcc"eit>6;^^ y ^^fiStSlviR 1 6;55}f A$ 
;ixTI/^'5rci^). m4, ^6 h^>C/;^5'Q4. Q 

5, Qe(D^—7^-h'^mm.^<^W!^. m^ hy>i^:^^Q 
4r^^>L. me hy>l^^^Q5, Q6i^:f7 

■r^o y ^m^^m.m,Ki 6nm4'^meiD3m'D ^ -jo 

[0 0 3 9] ^3 <D^mM 1 3 7 h y > 7^ $^ Q 7 
<D-<— (Vcc) ?55^nt)D^;ix^/c:*!)m7 h 7 
;^:5^Q7;^|S:?{->L. ^8, m9\-y>i^^^QS. Q9 
(i:^-:7i-5^ ti^oT. A?^SJnR 1 1 . R 1 2 <;:) is 

[0 0 4 0] tfc. S4(D^»*ti 4(i^l 0 h^>v^ 

Q I 0 (7)^~-;^^/±^5 co/ca6^i 0 h^>c/;^ 

j?Q10;!>^;^>'. ^11, mi2hy>i^y^^Ql 1. 
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tH:/^ Liitttoo nmicm^it. m 1 1 i 2 od h 

y>i>y^^Q\l. Q I 2(D^—y^\cm9^XXjmB<D 

fcfflj#±fBm8 joJ:t>'m9(0 h^>v?;^.$'Q8. Q 9 

[004 1] zcoi::)fcTA;/j^wN.i'toi:#. mi ^tt 

t # s 1 1 2 (if^i^ifeft^-dr-r. f5 3 

1 3(lS^^iZi^Slit^-^-r. ^4 1 4 7!>^iftft LT 

[0 0 4 2] ^^c^cTA;btco-?i5A:^^;^^fc^©'&. mi 
oo^i^)*ti n:imi h y > ^ Q 1 17)-<-;^ A:^7!i5^- 
•i'<^fca6^i \^y>'^y^9Qit'^^>\^. m2, m3.h 
y>'Jy^^Q2, Q 3 li^:7 LD A:/3^iSS^i^*^<^v^, 

[0 0 4 3] ^2c7)^»*t 1 2ftm4 h7>v?>^^Q4 
(D^—y-XtJt'^^—^tihb. m4 b y > \yy> ^ Q 4 

ffiiviR 11. R 1 2 (D^^^-h^m^i^^-t^. %%mz.m^ 

(c^ 3 J: t>'^ 2 OT) h T > v^:^ ^ Q 3 . Q 2 oO ttJ :^ ft 
?!>^A;^?$nTM«}6^3{Ci!i^. m2:fcct0^^3c7:) h^>v^ 
:^^^Q2. Q 3<7)ai^fI-^S:f*i^-^^o 
[0 0 4 4] m 3 (7)Mi!i^ I3\%m7 Vy>iy:^9(^7 
<n^'-y-Kti'h^'Ci—<r>tz.^^ m7 h y > i^y^ ^ Q 7 

ms. m9 vy>'J':^^Qs. Q^fimY^-r^fz. 

mm^iUfR 11. R 1 2 iDikm^Qr Q-'^-tcffi 
h^^o nmizm^it. ms^Xrjm9(D \-y>iyy^ ^ 
QS, Q 9 (D^—y^{zit. ms^xrjme hy>iy:^^ 

Q5. Q6tDmt}m^^'^Ati^ixxm:m^i'cm^ . 

3, R14;!)^6Q. Q ^<-m^- 1 LX Wl^J th ^ iv^. 
[0 0 4 5] m4cOM®]*^l 4 11^1 0 \-y>>>y^Q 

1 OfD^-y^mf^^z^^^ (Vcc) ^J^^^nAD^n-So — 

^11, ^12h^>v^^37Qll. Q12 oO'-i— 
S(7)/^^ U'-^/u Vcc'^'fe^^^^ =^ ^ y ^ ^^M^WiR I 
8 7!i»tf A^nTi/^^Z-c*^. ^10, Sll. mi 2 \-y 
>i^y^$fQlO, Qll. Q 1 2 cD^— ::^755lRj®/E<7)*ir 
Ml0h7^>>^:^3'Q10 7:>^:d->L. ^11. mi 

2 h y >i>y ^ Q I I , Q 1 2 it:tyt^^ ^ y !P 
illS^viR 1 8(1. mi 0--mi 2(D3il(0 h^>>^:^^ 
Q 1 0-Q 1 2 -Cti^^ix5^®b^iO;^-f :/^?t 

[0 0 4 6] ^(OJ:^lc. T A;^^^ci— (Oir ^l^ 

ib*fi 1 li. *>iD/bicD. D><— 11^(1115^5^*'^. m 
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10 0 4 7 1 i^±i7)x ':){cm3^i$^mtmm. ^ ^ y 

[0 0 4 8] )^±(D^^fj:mj$,^xi/mm^is\,^x^^^ 
1, 1 2 t zi\^zi^'^mi^xxj'm2f7)n^m.^R i 

1 . R 1 2 /^ibr/tcM 1 1 ^xi^m 2 <75^m?j^?i I 1 . 

{cm3^xxj^m4(Dmm(&ni 3. i4tit. — o 

[0 0 4 91 ^±(DX CoO^ffioOJF^flg 1 T-Jl. m 

:b^'5/c*^tc^ ^ :5^^§illg*7LR 1 5— R 1 8^T>^< 

h^> v^;^-^ii®)^ 11-15 ^mf^-r^m i - m i 2 

h ^>i^;^:5'Q 1 -Q 1 2 m 1 --^4 co^mii^L?i I 1 

I 4 ^mf&-r^m 1 3-^ 1 e > ^^q 1 3 - 

Q 1 6 t^~^9:<7ym^±.^ft^j:^). i^Mo:>E.mmM^± 

mm 5^1t^i-^Sl 7-Sl 8 [^y>i^y^^Q 1 
7, Ql 8 t»5(D^S^ffc«gI 5^Sr«^i-^^l 9 

> v^:^ ■3' Q 1 9 (7D~i^(7Da;^±if t^f^j^-Cfeoo ^ «7:> 

[0 0 5 0] zix^^m^^ch-^ t. hyi^i>^9(r>-< 
— . :x reimiS Vbe^ 0. 7 V. h^Vv^^i'oO 

n • 0. 2 V, :em?5icl'§?ri^^S 

•f-^l£l7L(7)SIEP4T^0. 2 Vir^^i:. *(g:i^i^^<h$ 
neS^i^lEii. 0. 7 X 2 + 0. 2 -f 0, 2 = 1 . 8 VT' 

[0 0 5 1 ] z<oxo\z. zfDmmzx^y V yy''^ a 

yy (F F) lH]5§li. . D K • /u- 

y" (P L L) ^mf&'r^=^^ y ^ ' ttyy'fi^ K • ^'J'y 
^ (ECL) -fj^y^) y-Zfy^yrf (FF) ^ffil^fc5^ 

K • p v^-;/^ (ECL) -^i^y y:fy^ yrf (f 

F) ^^m-r-s tt^T^j-So 

[0 0 5 2 1 ^tS<7)ff^te2 . JL^T> r 

^2 2 tcoi/vxiJte^-re, iii2iiz(Oi§0^<D^te(O 
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2{ciDt^r, Q 1 - Q 1 9l^m 1 ^'^Ci^LS 1 9 Vy>'y 
. R 1 1 R 2 7 (HgfiriT-fe t) . SttR 1 1 -R 1 
4flAffiSfci. SfitR 1 5-R 1 8(i:x: ^ y iSfe 
fit. R 2 3:f5j:t>'R 2 4(i:e?5Sin. |g|7iR2 6. R2 

7(iu-</u>:7 hffl^s^7lr-^^, ii. 12. 13. 1 

4 ^si:t>' 1 bnv y>i^P^^mW}1^. I 1 - I 5I1^S 

[0 0 5 3 1 ^ 1 (7:) h 7 > v?:^ 5^^1*1!^ 1 1 (1. ^I^J: 
\^^Lm3^D hy>i^:^ $fQ 1 Q 3 ioXXJ^t&WiR 1 5 J: 
•9 •[) . ^1 h ^ > iy:^ 9 Q 1 t;:):!^ ^ y 9 f}-^m<0'm 1 
(7:):^^ y ^mm^^R 1 5^:fr LTm2^oJ;t>'B3 

>-:/:?^5'Q2, Q3«7)3i^ -/■^{ct^^^$n-cv^^, 

•r^Xff. m 1 (O:^ ^ y 5'^fil«*nR 1 5(1. Ml h ^ > 
v?;^j5'Q 1 t03i^ y i:M2:b^J:U'm3 h^>C/^:5^Q 
2. Q 3(7):3i ^ :y :$'tg^sS-#.ih<7:)fa1(C}f A^ilTl^Oo ^ 
Ac. ^1 h^>'v^;^5'Q l(^-<-;^»:iMl 7 Vy>\y:^ 

t>'M 3 h ^ > C/:^ 5? Q 2 . Q 3 or)-<— :^ fi^n-^'n D , 

[0 0 5 41 ^2(D h ^>v^;^-5'M«J*f 1 2fl. S 4 

l^L^e h^>v^:^57Q4~Q 6 J: t/^glnR 1 6 J: «9 
/^tl. ^3 h^>v^X^Q3 (D:x. ^ y ^ i)i^^-^(om 2 oD 
y 9 mmt^^ R 1 6^/^LTm4joJ: XJ^m 5 h v > 
v^x .$'Q4. Q 5(/:)3i ^ :y :$?fcmM$nTl^'5o m^-^ 
iUt. W, 2 (O^ ^ y .?^f ilffiJnR 1 6 (1. S 4 hy>'y 
y.^ QA ^ y ^ ^XV^^6 V y > 'J ^ Q 

5, QQiD:^^ y 9mm..^.t(r)mznX^i\X\^^^. ^ 
/ci. ^S^XXJ^m^ h7>v?^^Q5. Q6(i. 5H/^fC 
Q 5 (7)^— :^ ^ Q 6 cO =3 u ^ ^ QScO^iu^j^irQe 

Q4(7)^— W>\ 8 h^>i/;^5?Ql 8(0=iu^i' 

[ 0 0 5 5 1 m3CO h^>>^^^^il]*t 1 3(1. ^7/^- 
1/^L^9 h^>v^:^^Q7'-Q9io<tr>'filT[R 1 7 J: «9 
/^t). m7 Vy^y^yy^^Q 7tOni^ y 3? ^s^ii<7)m 3 <7D 
•;/-^^fi®tefiiR 1 7^^LTS8:foJ:t>'m9 h^> 
e/;^5'Q8. Q 9 (7):i: ^ y 5^ (cjg^^nXl^o, ^^-t 
nfi\ ^3(7:):^ ^ 5?^fiHSlnR 1 7 (1. M 7 h ^ > 
X^Q7i0^5: y 5^ ^m8:fcctt/^9 h7>-^^5'Q 
8» Q9(7D3i5: :y:?'t|gj^.£r i:cOPo1(CffiA$nTl^'5o ^ 
7 h ^ > iyy 9 Q 7 iD^—y^it. Ml 8 hy> i^y^ 9 Q 

1 8 (7:>=i u;:^ ^ (ct^^$^x-Ci/^6o M8(7:)h7> 
v?x«. j'Q8tO-<-;^llMl co*ffif«fin:R 1 l(D/il;^{I-^ 
flij. -t-Z^h**?. ^2 h^>v^;^^Q2:^3j:t>'M5 
e/;^ 5^ Q 5 (7:)=' u ^ 5^ i:M 1 ft]^SInR 1 1 ^cOtt^.^. 
{Ct^^$;i^X(.^^o ^/c. M9<7:) h^>v>;^ 9^7:)-< 

-;^flM2(7):^^i£fetR 1 2<7)ai:/Dft-^fl'J. •^/^^^''pM 

3 Vy>\>y^9Q3^X t>'M 6 hy>':/:^5'Q6(7)='i- 
9 t%2%'mmKR 1 2 i:(7)tf«^,^.i::mi^$;i^Ti^ 
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[0 0 5 61 m4fD h 7>C^:^ 3?^!**^ 1 4 itm 1 0/^ 
V^Lml 2 hy>i>:^^Ql 0-Ql 2^Xrjm:^R 1 
SX^)^^^) . ^ 1 0 h 7 > Q 1 0</):3i ^ y 5?;i'.#fc 

ii<OS4(?33i5: ^'^f ilSttR 1 B^it-LXmi 1 
t/Sl 2 h7>':/;^:5'Q 1 1 . Q I 2iD:r-^ y ^{Zm^ 

811. ^ 1 0 h 7 > Q 1 OiO:^ ^ ^ ^ S 1 1 

it/Sl 2 h7>v^;^:5'Q 1 1 , Q 1 2(7)31 ^ y^igj^ 
.*Li:<^)FBl*clf A^nTV>5o ;^fc. ^1 l:fcJ:t>'mi 2 JO 
h7>i/:^ ^Q 1 1 . Q 1 2 ^l^^cQ 1 1 ;^ 
<i:Q 1 2oO=3 u Q 1 1 <D:3 U ^ 5^ ^ Q 1 2C0-< — 

^ t*5^«^$^xri>^o *3t. mi 0 h^Vi^^i'Q 1 
0 (D-i— mi 7 h7>v^;^^Ql 7^0=iU^^(C 

[0 0 5 7] ms<D by>i^^^mW}m sii. mi 7 

iSXXJ^m 1 8 h 7 > v?:^ Q 1 7 , Q 1 8 ct "9 . ti 

[0 0 5 8] '^m^t^ I mhy> iyy^ 9 Q \ ^ t l&^n 
R19J:':)/<^t)x mi<7Dh^> J^? Q l <D:r. X y ^ t 20 

m\<o^^ v^%m.mK^ 1 5 h<D\im.M.h\^^m.\tLO 
ND (T^PeliCif A$nTi/^6o S:®r5tcM I 2(j:h^>v^ 
;^^Q 1 4 irSttR 2 0 J: «9 ^^^J. m 4 <o h ^ > >^>^ j?' 
Q4.c03i^ ^/^ i:m2c7):3i^: ^ ^§il^g1n R 1 6 (75tg 
<i: G N D i: (C}f A $ ill T V ^ a o 

[0 0 5 9 ] ^mSt?i I 3 (1 h ^ > C^;^ Q 1 5 
R2lJ:i9/^<9. m7(D h^>v^;^^Q 7(7:)rc^: y i: 
mStOni^ i/^'^fiSfeMR 1 7 irtDg^gE.-^. ^t^ifimfiG 
ND irCDPaltcff A$iXTl/>'5c ^mvfftll^ I 4 (1 h ^ > 

9 Q \ 6 irSfiriR 2 2 J: ^9 . m 1 0 (T:) h ^ > J(9 
jJ'Q 1 0(D:ii^ :y ^ ^m4o0:ii^ y ilfettR 1 8 t 
<r>mmM. b i^lfemfi GNDi:cor^(cJfA$4xT»/^5o 

[0 0 6 01 I 5(1 h^Vv^^i'Q 1 9 tWcK 

R25J:*9/^<9.mi7^Dj: t>*m \ ^<DVy>'^y^^Q 
17, Q 1 8(;:)3i^ :y :$'t^^,^,i:tfitel|fiGND^oorBl 

[ 0 0 6 1 1 m 1 (n^^mK-R 1 1 (1. -^rt/^-i^i^^ m 

2. m 5 >i/:^ 5^0 2 . Q5(7)nb>j^5'i:m6(7:) 

i/^-So m2(7):^^«fctR 1 2J1. -^tT^-isg^^ m3. m 40 

U-</i.'>:7 h^ffitftR 2 6 ^^ ftl^SfiiR 11, R 1 2 

<n^%x^ix(n^m<n^m.M. b mfi Vcc ^ t^P^^twif A ^ ix 

[0 0 6 2] m3(0:^^SIviR 1 3(1. ^(D-^f)"^. % 

t«lt^^$nTV>^, m4oOA]?flg<7lR 1 4(1, ^(D-^ 

Ti^ m9*Dj:a«m 1 2 0:) h 7 >>^:^i?Q 9. Q 1 2<0=i 5^? 
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U^i'^mi \<0\^=7> Q 1 1 (D^— 7. t </)^iS 

t!^^ -^iWI&tnR 1 3, R 1 4 c7) ^n^'iXt/)flhilSt?^|-f 1^.^, 

> V cc t7)Pa^ tf A $ n r I ^ 

[0 0 6 31 Vcc'^^?^^ VbII^S?)^^^-!' A:^l. 

GN D(ltg%m&^T^i"o ^LT. C<07 D 'yr:7 cr ,x 

yi£)3s^^(i. m^mBEVcc^tf ifemfeGND(7)rBir-{^ 

a-r^o ^m«i^ i i-i 5(;:(l. iE«msvB^^itlt6 

maGND<^<OFB^(Cf^^JD$:i^6o ^fc. T, T^^-d^' 
n ^ A;^}fl^. D. X^^^-K-tv'-^ Kll\%%. Q. Q 

^<-iitb;^ft-^^^-r. 

[0 0 6 4] ^ ^ y ^ T^ti-X . T^<-fI^{l. mScO^ 
ift*tl 5(C. -r/^t5"<bTfs-^^5m 1 7 K^>v^^5'Q 1 

7 cO-< — ^(CA;^ T ^<-'\t^t*^% \ 8 h^>>^:^ 

1 8 t7:>-<-7^(CA;^$:^ieo w(^m 1 7 h 7 > v/:^ 

1 7 (D^t^m^T 1 ooMSi^t 1 1 <nm 1 h 

^ > c/;^ 3? Q 1 i7)--<— :^{c A:^ ^n^o ^^c. f—9K 
t^m^O, D/<~(im 1 </:)^ilJ*f 1 1 -^^^ir^-^bDft 
^f)-m2 h =7>iy:^ 9 Q2(0^'-7^{ZKil^iX. D^<- 
ft-^^^ms l>^>v^:^i?Q3(0-<-x{^A:^I$i^^o — 
mi8h^>v^:^^Ql B(Dmti\n^T\t. %2(0 
Mib*ri 2<Dm4 h^>v^;^:5'Q4«D--<— ;^(cA:^^n 

(0 0 6 5 ] m 1 8 h^>i^^^Q 1 BiD^Mt^T 
(1. m3(D^ib*tl 300^7 h7>v^;^3'Q 7oO-<-;^ 
{CXti^iX^^ ^tz. AWSItlR 1 1 , R 1 2{cmn6 

-;^(cA;^$n. :^i^^SMR 1 2^c^i^5^I^ (Dft 

-^)'75i^m9 h ^ > v/;^ Q 9 (7)-<>->^icA;^ ^ix^o — 
mi 7 h^>v^;=<^-:5' 1 7 (om;':ff -^^T^'^-d. m4 

ti^ix^, 

[ 0 0 6 6 ] ^l^lS^aR 1 3 . K I 4{cm.iX^iB^f)K 

•r/^i^*>:^^lg:ttR 1 3i75mn^fl-^ (Dff-^-) fi'-ttiti 
Q(C. :ft^^^&lnR 1 4(cmn^m-^ (D>'<-fI-^) ^Stb 

[0 0 6 7 ] ^^^ci^J^^^co^/^TSfc0^i-^, t A;^(c/^>t' 

;!i^A;^$n/c:m^, m 5 cD^ft^f 1 5tOm 1 7 h ^ > 
;=^:5'Q1 7;!/^:^>. mi8 h y > 5^ Q 1 8 /;^^:7 
L. tfelvtR 2 3 m;^;i?'^J='~-. R 2 4ti!,tlf)''^^^ t^^^o 
[0 0 6 8] f^oT , mi <7)MB]*f 1 1 (im 1 h 7 > 

$f Q I iD^—:^Mf±^y^^'-'^tzisb. m2. ^3hy> 
i>y^9Q2, Q 3 /^i^i^]ft-r6o -r/^^^, DA;^;^ijci^^ 

i^/L.rR 11. R 1 2 co%m\zihf}-t^. umzm^ 

(i. m2 h7>v=^i''Q2(0-<— :^fCDfE-^;5»A:^$ 
ix. ms h7>':/:^5'Q3^?^^-^t-D''<-ft'^;6SA:^ 

5, 
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10 0 6 9 1 m2 iDm&M 1 2 nm 4 K ^ > Q 4 

<7)-<-;^SiElc^W (Vcc) *^W*D$n^o — ^ 

5, m6by>i^:^$^Q5. Q 6 (D^— :^m,fI.<D 4 i- 
'</U'Ji. U^/UC/y' hflSSfitR 2 6 7ii}f A^^xTl^o/c 
ie>. mMmffi;i^«b U'^/Uv':^ hfflSfeiR 2 6 tci^^m 
K&Ta)3>fc'*t(&< . Vcc- "S*nR 2 6(CJ:6mSP^ 
T" ^?:fOo Z^fri^. ^ y :$^^§iltgivxR 1 6 (/Dif A 
lCj:53ami:fc^^^oX, ^4 h 7 > v^x j?^ Q 4 ;6i^> 

[0 0 7 0] S3<7)^Bj*J-1 3*1^7 h 7 > v^;=^ Q 7 
(0-<— ;^(C^>>t' (Vcc) ?5^fn*D^nc>fcii!>M 7 h ^ > 
:^i'Q 7;i>v::d-:^L. ^8. 9 h^> v^;^ >'Q8. Q9 
li:?^:7-r^, t^^oT. :fti5rSttR 1 1 . R12<Dft-^(l 

[0 0 7 1 ] ^fc. m4(?5||Wl*tl 411^1 0 h^>v^ 
7s ^QX 0(7)^— ;^gJE;^5 o— *7)fc*!>m 1 0 h7>>^X 
Q \ 0 fi-'ty . m \ \ . m \ 2 Vyl^'J^^Q 1 1 , 

m;^Uii^tt5o um\cm^kt. m i i :^J:t/mi 2iD h 

^Vv^X-i'Q 1 1 . Q 1 2 oQ--<'-;^(C^ 9 *D JiO^m 8 oO 
{cm^±t^nS^XX/m9CO h'7>i^:^ ^Q8, Q 9 CO 
[ 0 0 7 2 ] C(7) J: -3 (CT A:^;!>'^/^-r (0> m I ^W) 

[0 0 7 3 ] &:\cT xt}{zt2'-f)'^Af]^i\tim'B-. m 1 

y>iy:^$^Q2, Q 3 {i:?i-:7 L D A;^(li^^ii^ 
[0 0 7 4] m2(^M»J*i-l 2itm4 Vy>i^:^9Q4 
(D^—yf.A^tif)*^^—(Dtztb^ ^4 h7>'v^x3'Q4*i7h 

y. ms, me h7>v^;^5^Q5. Q 6 t!?^ :<i-> L. 

SIviR 1 1 , R 1 2ootH;^ibcS8^f^^^-t-^o t?^(cmx. 

(cm3:fe<tO'm2«7) h7>v^;^5'Q3, Q 2 0) ttj ft ^ 
75SA;^)$nT^®i6<3{c«#. m2^XV'ms<Dhy>iy 
^$^02, Q 3ooai;^ft^^f^^i-Oc 
[0 0 7 5] S3 iDmrnn l 3 (is 7 hy>i^:^^Q7 
(D^->^A^;i5D-<7?fci6, 117 h^>v>;^i'Q 7^i3}- 
^8, ^9 h^>v^;^^Q8. Q 9 

jfRii, Ri2(7)«^^Q. Q/<-tcaiyj-r^o p^ffl 
(clr^(^> m8*3J:t/m9<o h^>>?;^^'Q8, Q9c7:) 
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A^$i^r^B)6^)il»#. D. D^<-(I-^$r 

i^ti-t^, -i^^5©^^«^nR 1 3. R1475>JbQ. Q-'^ 

-ft^i: LTflt) tiJ^iXo, 
[0 0 7 6 ] m 4 (;)^ijl}*t 1 4 {-tW, 1 0 h 7 > v^;^ ^ Q 

1 0(^)^-;^ll/Etc^^>r (Vcc) Ji^^^JD^ixoo — 

mil. mi2h7>v?x5'Qll. Ql 2(7)-<-;^m 

ixXy^^^tLi^). MMMitLtj^h U-</U->:7 h ffll&lTiR 2 7 
(CJ:emBEP^Tc05^/:f*t{g:< . Vcc" "«<nR2 7(Cj; 
JO oS/EPST" t>:^eo ZiDtzisb. =^ ^ y ^ mSW.WiR I 
8(^}f A(c J:^5ai^^*>V>^oX. mi 0 K^Vv^xi' 
Q10;5f5:^>L. mil. mi2 h7>v^x^Q 1 1 . 
Ql2it^yr^^ l-^/i-i^y hm^WiK2 7 it:^^ y 

[0077] Z(r>Xo{c^ T xtit-^-(ot ^ . mi^ 

2^ijb^l 2?!iM^ttLT3fetcSE^i^A./cfff ^^««pL. 
m3^B]*t 1 3;iiM^i*L'Ccn^S£^ii^r-Q. Q^<- 

[0 0 7 8 ] i^±t/:)J: ^t'lllStT^tiif.^t^'j^faim. y 

^fjc^i^^. ^ n A:/^T7i5 a -c;:) i: # fcffL^^i^A^fc 

[ 0 0 7 9 ] i^Ji(7) J: t^^:^ J: t>*iftf^(c: >T ^ ^ 

mi ^sj:t>'m2t7) h^>'::^:?^^M»]*tl 
1 . 1 2 t zixizi^om 1 ib'J:r>'m2(;:):^i^ffifei:R i 
1. R12. U"-</uv/:7 hffiig^R 2 6 /^ibt>'(cm 1 
<tt>'m 2 cD^miiKili I 1. I 2ti^. — 0(7)y -j/^lHlSS 
^«^LTl>6o I^i:<. m3i6XV^m4<Ohy>iy:^ 
30 J^^»)*tl 3. 1 4 ^ zn(Cf4ie>m3^^C/m4 oO^l^ 
minRlS. R14. i^-<f^'^y Vmm.^K2 7 f^ihXl 
{cm3:lyJ:t>*m4o0^m^j5i I 3. 14>fl. t^')-o 

[0 0 8 0] J^±(7>ct -ptC. C<^^«S<?:)ff^^2T'f:±. m 
1-^^4(75 Vy>i>:^^^^n \ 1-1 4(C^3l>T. h 

t>^^fz^\Z:^ ^ y 5?^fJS|glvtR 1 5-R 1 8^r>^< 

fti^ii:'5/cia^u-</i^'>>' hfflffifixR 2 6, R2 7^ft^ 

ur^vzt^m^ix^ [^y>i^:^^(Dm^±if^^mt. mi 
-m4<?5 hy>iy:^ 1 1 s^m^-r^m 1 

1 2 hy>v^;^^Qi---Qi 2i:mi^m4 oo^m 
?)?c^ I 1-14 ^mf^-t^m 1 3 -m 1 e h v> ^ 

Q 1 3 - Q 1 6 t i3:*?5a^±(f i: /j: . ?^5l5<JOZI5 
<^a^±tf J:'9-l^^^'bi->l<t^'^T#5, m5(Oh^> 

i>:^^mw}Mi 5 ^^^^-r^m 1 7-m i 8 h^>v^>^ 
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[0 0 8 1] Ziz^M:t$^^^ic^^t. hy>i^^^co^ 
— . :n :?fBim/±VBE^ 0,7V. b ^ > ^ ^ 

=1 . ^^^a^Palli/EM^ 0. 2 V, -^m^rkM^mf^ 

i-^sta<7)mffKT^o. 2 V, i^^fi^i^y hmmmz 

mm,Bbit. 0.7X2 + 0.2 + 0.2 + 0.3 = 2. IV 

[0 0 8 2 ] C(Oci:3(::. Zcom^Mi^X ^y V y ^y ^ 
yy (F F) [elSgll. :7:n-X • n ^ K • — 

y (P L L) ^mf^-r^:i^x y ^ • .^0 y^^^/U K • o :y 



9 - 6 9 7 5 9 
^ (ECL) :^^y D yyy ^ yy (FF) ^ffll>fc5> 

yuK • ni;.>>:^ (EC L) :fj^y y^y^yy (F 
F) ^^m-^-s ^tor-feo. 
[[i®(0®m/^i$tB^] 

[112 1 -(7)M0^c7>^SS<^ff0S8 2tD(a]8Sliio 

[ft-^<7:)tJli0>^] 

Q1-Q19 hy> \yy^ ^ . R 1 - R 6 . R 1 1 - R 
2 7 ffita. 1-5. 11-15 \^y>'J:^5^mm 
tt. 11-15 T. T^<-. D. D^^- 

m^xii. Q. Q^<- m^-\^fi. vqq. gnd 



m 1 1 




R11-R25 : i&tti Q,C: 

11-15: h'^>VJi9in^n Vcc.GND : 18SA:^ 

11-15 : ^«t«» Vb : nm.m.vs<ju txa^ 
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m2] 




R26,R27 : fiift 
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